We report on a case of bacteremia caused by a previously unknown urease-negative Helicobacter strain, IMMIB HP-28/08, isolated from blood cultures of a 28-year-old man with X-linked agammaglobulinemia. The identification of the isolate was based on 16S rRNA gene sequencing. In the phylogenetic tree, the isolate fell into a cluster which included Helicobacter canadensis, Helicobacter equorum, and Helicobacter pullorum. This is the first report of bacteremia caused by this fastidious organism. Further investigations are necessary to determine the potential role of this species as a pathogen of bloodstream infections.
The patient was a 28-year-old man with X-linked agammaglobulinemia, which was diagnosed at age 8. He was started on monthly intravenous (i.v.) immunoglobulin therapy and remained relatively free of symptoms until 2004, when he noticed a demarcated, hyperpigmented, painful macule on the extensor surface of his right lower leg. He appeared healthy and received several empirical antibiotic therapies on suspicion of bacterial infection. He was admitted to our hospital in May 2006 with several hyperpigmented macules on the flexor surfaces of both forearms, his left ankle, and the extensor surface of his right lower leg and systemic symptoms of fatigue, night sweats, and pain in his right lower leg (Fig. 1) . Laboratory analysis showed leucocytosis with a count of 23,700 leukocytes/liter with 89% neutrophils in the differential blood count, and the C-reactive protein (CRP) (115 mg/liter) and erythrocyte sedimentation rate (44 mm/h) were elevated. Several blood cultures and microbiological, virological, and autoimmune serological parameters remained negative. Next, the patient was treated empirically with multiple courses of antibiotics, including ampicillin-sulbactam, ciprofloxacin, clarithromycin, ceftazidime, and clindamycin. However, antibiotics were associated with only a brief improvement of symptoms. Skin biopsy gave the suspicion of fibrosing lymphocytic panniculitis, and thus, the patient was put on immunosuppressive therapy with tacrolimus in December 2006. Four weeks after starting immunosuppressive therapy, the patient had severe pains in his lower right leg and became septic. Blood cultures taken at this time signaled bacterial growth after 3 days of incubation. Gram staining revealed the presence of Gram-negative thin rods with a fusiform appearance. Later, this was identified by means of the 16S rRNA gene sequence analysis as a Helicobacter canadensis-like organism.
Subsequently, the patient was treated with intravenous amoxicillin and gentamicin. Laboratory results (CRP, erythrocyte sedimentation rate, leukocytes, and differential blood count) normalized rapidly; however, the hyperpigmented macula cleared only slowly. It took several courses of intravenous therapy, with amoxicillin and gentamicin switched to imipenem and fosfomycin due to ototoxicity associated with gentamicin, to prevent a recurrence of symptoms. After a total of 40 weeks of i.v. therapy, the patient was stable on an oral maintenance therapy with rifampin and doxycycline; the hyperpigmented maculae on his forearms and left ankle have resolved, and the hyperpigmentation on his right lower leg is slowly fading.
Microbiology. Blood cultures were incubated in an automated Bactec 9240 system (Becton Dickinson). One set of blood cultures consisted of two Bactec Plus aerobic/F bottles and one Bactec Plus anaerobic/F Bottle. The aerobic blood cultures (3 bottles out of 6) became positive after 3 days of incubation. Samples from three bottles were subcultured onto Columbia agar with 5% sheep blood (BD), Columbia agar with 5% human blood, Mueller-Hinton (MH) agar with 5% sheep blood, and chocolate agar. The plates were incubated under microaerophilic conditions at 37°C. After 6 days of incubation, moist, glassy, swarming colonies were observed on the agar plates. Microscopic examination of a Gram-stained preparation revealed the presence of Gram-negative, long, thin, straight or slightly curved to spiral-shaped rods. For examination of the ultrastructure of the cells, the isolate was grown on Columbia blood agar for 7 days, harvested from the plates, gently resuspended in Tryptone soya (TS) broth, and examined by electron microscopy using a Philips CM10 electron microscope at 80 kW. Negative staining of cells was performed with 1.0% phosphotungestic acid. Electron microscopy revealed curved-to spiral rod-shaped cells with 5 to 7 monopolar flagella (Fig. 2) . Biochemical tests were performed using standard methods (2, 4). Significant morphological and biochemical reactions are shown in Table 1 , along with those of the phylogeneti-cally most-related Helicobacter species. The isolate was oxidase and catalase positive and reduced nitrate to nitrite but was negative for urease, hydrolysis of indoxyl acetate, and hippurate. The isolate was resistant to cephalothin (30 mg) and to nalidixic acid (30 mg). The isolate grew at 37°C but not at 30 or 42°C.
Identification of the organism was achieved by 16S rRNA sequence analysis. Genomic DNA extractions and PCR-me- on September 23, 2017 by guest http://jcm.asm.org/ diated amplification of the 16S rRNA gene were performed on blood culture fluid (ca. 6 ml) from the positive-signaling Bactec 9240 blood culture and on pure culture of the isolate using established procedures (14) . The purified PCR products were sequenced using a Taq DyeDeoxy terminator cycle sequencing kit (Applied Biosystems) as described by the manufacturer. The closest known relatives of the sequences were determined by performing database searches using the BLASTN 2.2.2 program. Phylogenetic analyses were performed using the ARB database (11) . A phylogenetic tree was generated by the neighbor-joining method (15) . Topologies of the neighbor-joining tree were evaluated using bootstrap analyses (3) based on 1,000 resamplings. It can be seen in Fig. 3 , and rifampin (32 g ml Ϫ1 ) were placed on the plate. After 7 days of incubation at 37°C in a microaerophilic atmosphere, MIC results showed that the isolate was susceptible to doxycycline (0.094 g ml Ϫ1 ), metronidazole (6 g ml Ϫ1 ), and rifampin (0.047 g ml Ϫ1 ). The isolate was resistant to ampicillin (Ͼ256 g ml Ϫ1 ), azithromycin Ͼ256 g ml Ϫ1 ), clarithromycin (Ͼ256 g ml Ϫ1 ), ciprofloxacin (Ͼ32 g ml Ϫ1 ), and levofloxacin (Ͼ32 g ml Ϫ1 ).
Discussion. Helicobacter comprises a diverse group of potentially emerging pathogens in several hosts, ranging from humans and nonhuman primates to pets, household animals, and a variety of wildlife animals (23) . Currently, the genus includes at least 31 formally described species. Although the majority of these species have been associated with infection of the gastrointestinal tract, several species, e.g., H. bilis, H. canis, H. cinaedi, H. canadensis, H. fennelliae, and H. pullorum, have been found to cause bacteremia and systemic diseases (5, 8, 9, 12, 13, 19) . The course of our patient's illness was similar to those of other X-linked agammaglobulinemia patients (1, 6, 7, 10, 12, 16, 22) . Skin lesions raised the suspicion of bacterial infection; however, the etiological agent initially remained unidentified since routine cultures were negative, leading to empirical antibiotic treatment. In most cases of bacteremia due to Helicobacter, a close association with a household pet was reported. In our case, the patient had contact with live poultry and snakes, which were fed with rodents and coney. Therefore, we hypothesize that bacteremia of our patient was related to pet exposure.
Recognition of bacteremia due to Helicobacter species is not always straightforward since organisms in this group are fastidious and may fail to grow. However, the use of enriched blood culture medium, such as Bactec Peds Plus (Becton Dickinson), provided better growth. Moreover, they are biochemically inert, and their identification by traditional biochemical methods is limited due to the paucity of useful tests. In our case, although isolate IMMIB HP-28/08 exhibited a biochemical profile similar to that of H. canadensis, H. equorum, and H. pullorum with respect to positive catalase, nitrate reduction, and negative urease (Table 1) , it was readily distinguished from all currently described Helicobacter species. In particular, isolate IMMIB HP-28/08 was resistant to cephalothin, lacked growth at 42°C, and possessed distinctive morphological features, including five or more flagella on one end of the organism (monopolar).
Molecular methods have been proven to be useful in the identification of fastidious bacteria with special growth requirements. The use of 16S rRNA gene sequencing provides an alternative method for phenotypic characterization and allows the identification of novel pathogens. In our case, direct sequencing of the DNA extract from the blood culture fluid and from pure culture pointed to an H. (20) . Unfortunately, the organism was lost during subculture, and attempts to revive the organism by the DSM and CCUG culture collections were unsuccessful. This is the first report of septicemia caused by a previously undescribed species of Helicobacter recovered from the blood of an X-linked agammaglobulinemia patient with painful, hyperpigmented macules and fever. In the present case, it is conceivable that the patient acquired the infection from contact with poultry and/or a household pet. This case highlights the importance of 16S rRNA sequencing as a useful tool in the rapid diagnosis of infection with fastidious organisms which are difficult to culture under routine laboratory conditions. Our present findings should stimulate further investigations to isolate and elucidate the importance of the new Helicobacter species in bloodstream infections.
Nucleotide sequence accession number. The 16S rRNA gene sequence from isolate IMMIB HP-28/08 was submitted to GenBank and assigned the accession number AM992061.
